



Optical Instruments 
and Bay Diagrams 


Preface 

This booklet is intended to accompany the work or Optics 
in Year II I of (he Nuffield Physics course and it is not a sub- 
stitute for it. It is anticipated that the booklet will first prove 
useful as a companion to the- ray-streaks experiments. The 
first section of ihe booklet, entitled 'Seeing', covers briefly (he 
work on lenses already discussed in class. The second 
section suggests a sequence of expcr ments to be performed 
using the ray- streaks kit and askse series of questions. Thefi nal 
section of the booklet is concerned solely with drawing ray 
diagrams and gives full instructions to those who want to 
learn how to draw these diagrams. 
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Seeing 


When you see an object, rays of light from it are going straight 
into your eyes, 

Look mto someone else's eyes. You see a white pan (which is 
very tough) . What else do you see ? A coloured part ; a central 
black pari. 

Where is the seeing done 7 It has been found that the seeing is 
done at the back of the eye. Where does the light get in? 
Through a wi ndow - we call this window th & pupil That is the 
central black part you noticed earlier. 

When you look at an object, rays are coming from all the 
different parts of it. This may be because it emits light, or 
because light from somewhere else is bouncing off it 
You can seethe candle flame hecause it emits light: you can 
see its holder because light from the candle is reflected from it. 


Rays are also going in all other directions. 

Look at the stars at might -they send light to the eye : but they 
also send light everywhere ebe - to other stars for examp I e. 
If I put a lamp at L you will see it along the ray LA ; 1 see i L by 
the ray LB ; someone else sees it by the ray LC. 




C (someone dsej 
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H ow do you know -that the rays go straight out from L to A, B, 
and C ? 

Here is a boy looking at a lamp. 

Rays from the lamp go in al directions. Some hit the head; 
some the eye in the head, ft is the light that enters his eye 
that enables him to see the lamp. 

For the sys to look at two objects (two lamps, say) two lots of 
rays go into the eye. 

But you do not always look directly at something; perhaps 
you wsar spectacles, or you use a telescope, or a microscope. 
These all make use of lenses. What does a lens do ? 


The experiments in which you study tenses show you what 
lenses do : how they help us to see things that are far away 
(telescopes) or very smalt (microscopes) or outside the range 
of dear vision of our own ayes (spectacles). You wilt set up 
lenses in the laboratory to make such 'optical instruments'. 
Before we use lenses for cameras and other instruments, we 
should try the simplest type of camera, a pinhole camera, 
which has no lens. From thatwe team some thingsabout rays 
of light and lenses, 
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The pinhole comers and the lens camera. A pinhole 
camera forms pictures. 

From any point on the object, light travels out in all directions. 
But we only draw in the cone of rays which pass through the 
pinhole to lorm the picture. 



■> 




small pin ho Its 
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When the right lens is chosen for the camera- box* end held 
at the l ight distance from the object one bright mage is 
obtained. The lens somehow collects together all the separate 
pictures. 

if another lens is chosen or the box is held at a different 
distance from the object, then what is seer is not so simple* 
The lens must bend the rays as they pass through it so that 
they all go through one image, If a Sens ca n do thee the pepper 
of pinholes can be replaced by one large hole. 

3n the next diagrams, only the extreme rays which pass 
through the len& from a point on the object are drawn in. 
The cone between these extreme rays is shaded in to show 
it is full of rays. 


Two pinholes and a lens 


a pepper of pin holes 
and a lens 





I n the diagram above, the lens forms an image of the object on 
the film. Here, the corse of rays from only one object point is 
shown. The lens forms an image on the film of other object 
points, if they are at the same distance from the camera. Thus 
the tens forms a sharp picture of the object, point- for- point, 
on the film. 

If there are two objects at different distances from the camera, 
their images cannot both fall on the film. If the tree, in the 
diagram at the bottom of this page, forms a sharp image on 
the film, the dog (in front of the tree) forms an image at a 
different distance from the lens. The cones of Sight going to 
the dog's image are intercepted by the film and make a blur 
patch. The dog's picture is only a patch -for- point reproduc- 
tion. Note that in this diagram the dog is close to the camera at 
a distance which happens to make his image life Size. 


AT" 


A 




/ 
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blur patch 
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Look at the photograph below. The lens aperture of the 
camera which took the photograph was made as large as 
possible, and it was arranged that the middle-distance made 
a sharp image on the film 







If the aperture of the lens is reduced, the images are in exactly 
the same position as before. But the cones from lens to image 
are smaller than before. Therefore the blur patches for objects 
which do not form a sharp image on the film are smaller and 
the picture is sharper. This is what happens with cheap 
cameras: the lens aperture is so small that the images of 
all objects further away from the camera then about ten feet 
are fairly sharp. But the small aperture means that the film 
requires a longer exposure to light. 

In the diagram below, the tree and the light cones from it have 
been omitted so that the diagram is not too confusing. 



new blur csaitch 


old blur patch 


The photograph below was taken with the lens aperture 
as small as possible. 
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What is an image? Here are two things to notice about 
an image; 


f . Look at the diagrams below. From the point of view of 
the eye, there is no deference between the image it is looking 
at in diagram (a) and the real object it is looking at in dia- 
gram <b). 



diagram/b 
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2, The imago is formed by a Jens taking aff the rays from a 
point on the object and bending them so that they all 
pass through one point. This poin£ then becomes the image 
point of the corresponding object point. 

If the right passes on to - he eye ft is this point that the eye sees. 
The lens forms an image point of each point on the object and 
so builds up an image of the object. 
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How do we see ? We see by the eye itself forming an image 
of anythi ng we look at. on a screen of nerves at the back of the 
eye. Much of the image- forming action of the eye is done by 
the front surface but there is also a lens inside the eye that can 
change its shape, so that objects at different distances from 
the eya can be focused in turn to make sharp images on the 
back of the eye. 



Look at these two diagrams. In each case the eye is looking at 
the same size object. But the image formed on the back of the 
eye by the distant object is much smaller than the image 
formed by the closer object. Thus the closer object appears to 
be bigger than the distant object. 



12 


Your own eyes: range of comfortable vision. Try a 

quick experiment with your eyes, to find your own range, (tf 
you wear spectacles, you should keep them on, because 
[your spectacles 4- your eyesj make 'average eyes" with the 
range of vision that is most useful for ordinary life Also try 
the experiment without your spectacles if you like .Hold your 
hand {or a book) in front of you and Jock at it carefully while 
you move it closer and closer to your face. When it is very 
near, it wi il look fu^y, because the adjustable lens in your eye 
is not strong enough to make the image fall on your retina. 
Move your hand away until you can see it sharply in focus. 
That is your ‘near point', at the shortest distance of comfort- 
able vision. 

When you move your hand Farther and farther away, you 
can still focus it sharply, because the adjustable fens in your 
eye changes its power automatically. Where is your 'far 
point 1 ? How far away can you put the object and still see it 
clearly ? Look due of the window : you can $ee a distant hill or 
an aircraft in the sky— so far off that we call that distance 
'infinity 1 At your age, your eyes (wiih spectacles if needed) 
have an enormous range of focusing - accommodation as it is 
called — from a few inches in front of your face right out to 
infinity. 

As people grow older that range decreases. At about the age 
of forty it is something like 1 0 in.to infinity ; and at about the 
age of sixty it is so small that many old people need several 
pairs of spectacles. 

You should remember your own range of vision (it might be 
"5 in.ro infinity"). But for teaching you about optical instru- 
ments we shafl imagine you are an older person with an 
'average eye 1 that has a range 10 in (— £ metre) to infinity. 

Using a lens to make images. Take a weak magnifying 
glass, a positive lens, of power about +7 D, Sit or stand some 
distance from a window, face the window and hold the Ians 
out at arm's length towards it. Look towards the lens and see 


whether you can see e r*&t imsge of the window. Find oul 
where that image rs by catching it on a piece of tissue paper . 
hold the paper out in front of your face with your other hand 
and move it towards the kins until you catch the image of the 
window on it. Now you know wh@r© the image is. Coricen 
irate on looking at something fust -here, arc pull the paper 
away. The image is still there Look at it,, remembering it is 
just there If you have lost the place, out the paper back to 
catch the image of half the window, leaving the other half of 
the image in open air for you to stare at. 

if you still do not fed the image is reaiiy there in mid-atr 
between the lens and your face, catch it on tissue paper again 
and ask a neighbour to come and pomi to that place with his 
f'nger and pretend to snatch at the unage when you have 
taken the tissue of paper away, if he keeps on telling you 'The 
image is just here', as he points to it and snatches a- ii, you 
may find that this helps to convince you the mage is really 
them 
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Also, try letting the image faH on a piece of white paper, like 
the picture on a camera film, For that turn round with your 
back to the window, hold the white paper at arm's length and 
move the lens with the other hand until it puts the image on 
the white paper. 

That is an example of a lens forming a reaf image, on the other 
side of the lens from the object. 

Now make the same lens form a different kind of image. Hold 
the lens dose to your eye and look through it at your thumb. 
Move your thumb until you can see it very dearly, magnified. 
Since your thumb looks bigger than life, you cannot be seei ng 
the real thumb directly ; you must be looking at an image. And 
since that image is sharp and clear it mu&t be somewt mfe in 
your own range of vision. 


If you take the lens away, keeping your thumb in the same 
place, you wil l see that it is too near ; it is not within your range 
of vision. So now the lens took light from an object which 
was very near and made it seem to come from an image that is 
farther away., and magnified, on the same side of the lens as 
the object This is a case of the lens making a virtual image. 

Magnifying glasses and eyepieces make vurtuat images for us 
to look at; and you will find that spectacles also do that. 
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Viftual images. Sometimes, a lens does net bend the rays of 
■light from an object sufficiently to make them meet again at 
another piace. Some lenses even bend rays in the opposite 
direction, making them fan out more than before. 

When received by the eye, these rays iook as though they 
come from a different place from the one where the object is. 
What is seen at this place is called a virtual image. 

What use can we make of optical images? We have 
already found one use - in the camera, Look back at pages 6 
7, and 8. 



Another use is in the telescope. 


When you want to look at a distant object it may be imposs- 
ible to move the object close? to the eye. The first lens of the 
telescope forms a real image of the distant object as in the 
diagram above, and the eye can be placed closer to this 
image so that it appears to be larger. !o make it appear even 
bigger we usually look at it with a magnifying glass - that 
is the eyepiece lens at the other end of a telescope. 

We shalE learn more about telescopes later. 

But before that, the following pages contain some experiments 
which you can do with ray strea<s. 



Experiments with Ray Streaks 


To do these experiments, you will use lamps and lenses. 

Be careful with the lenses as they are easily chipped. 

In the diagrams which accompany some of the experiments, 
the lines which are drawn from lamp to lens and which may 
appear to be rays, am intended only to help alignment of 
lamp and lens in doing the experiment. 

Experiment 1 

Switch on the lamp, and cut off part of the light with the 
black cylinder, Then place a 'comb' across the light so that 
it i$ divided up into rays. 

Raise or lower the lamp until the rays continue right across 
the paper. 

Compare these rays with the diagrams we have drawn 
earlier in the book. 

Where do they come from 7 

Experiment 2 

Ask for a weak lens r -f7D. Place this across the fan of rays. 
What does it do to the rays ? 

Do the ray streaks look like the diagrams you have seen ? 

Try some other lenses and see what they do. 


What do we call this point which all the rays pass through 
after they have been bent by the lens 7 
Where is the object? 

Experiment 4 

Now get a second lens of the same strength and try using 
them both together. There are several ways of doing this - 
the diagram shows only one way. Try them all. Look how 
far the image is from the lens when you use only me lens. 
What happens when the two lenses are closer than this ? 
What happens when they are further apart than this? 



Experiment 3 

Go back to the weak fens and place it about 20 cm from 
the lamp, after the comb. Make sure that its flat face is 
at right-angles to the central ray and block off extreme rays 
until all those that remain pass through one point. (See 
below.) 





Ex peri merit 5 

Exchange your two weak lenses for a stronger lens, + 17D. 
Place it in front of the fan of rays. Compare what happens 
now with what happened when you had the weak lens. 
What do you notice? 


Experiment 6 

Try pu tting a negative lens m front of your fan of rays 
instead of the strong positive one, (A negative lens is one 
which is thinner in the middle. Look at the diagram,) 
What effect does it have on the rays ? 

Can you find an image ? 

Bend down and Jook along the ray streaks so that you can 
see them coming through the lens. 

Can you see the lamp and comb as well ? 

The ray streaks look ax though they come straight from the 
lamp. 

Mow look down from above at the paths the ray streaks 
really take. 



Do the rays really go straight through the lens ? 

Can you describe what the lens does to the rays, using the 
word 'imago' in a new way ? 

Experiment 7 

Change back to the weak positive lens {+?□) and place 
this close to the lamp. Is the lens bending the rays enough 
to make a real image? 

If it is, move the lens closer to the lamp. The lens does not 
bend the rays enough to make a real image. 

Bend down and look along the ray streaks so that you can 
see them coming through the lens. What do you notice ? 


In both of the last experiments, the ray streaks looked a$ 
though they came straight through the lens when we looked 
a L them through the ien$,. But you saw, when looking from 
above, that the ray streaks do not really go straight through 
the lens. We call thg place that the rays seem to come from, 
the virtual image. 

Experiment 8 

Go back to the arrangement of Experiment 3. When the 
lens ben-da the rays so that they really pass through a place 
on the paper, we call that place a real image, What happens 
to the position of the real image as you move your lamp 
farther away from the lens ? 

What happens as the lamp is moved closer ? 

Can you make this lens form a virtual imago ? (This can be 
done.) 
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Experiment 9 

Replace your 'comb' with a single slit so that you can 
experiment with a single ray. (This single ray could be made 
thinner by placing a positive lens just before the slit ; but 
this is not necessary.) 

Direct your ray at various places on both a positive and a 
negative lens, and see what happens. 



Can you find a place where the ray passes straight through 
the lens ? 

Try twisting the lens so that the ray strikes this part of the 
lens at different angles. What do you notice 7 

Experiment 10 

Get a second lamp and use the weak positive lens to form 
images of both the lamps. To do this, place both lamps some 
distance from the comb and place the lens just beyond the 
comb. To distinguish between the two lots of rays you 
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can put a piece of coloured gelatine in front of one lamp. 
You should now make with ray streaks several of the 
diagrams which were drawn earlier in the book. If the lamps 
are the same distance from the lens, they can represent the 
top and bottom of a large object. 

With the lamps at different distances from the lens you can 
see For yourself what happens in a camera when you take 
photographs of two objects at different distances. You 
can use a screen os the film, and two wooden blocks to 
alter the aperture of the lens. 



Ex peri ment 1 1 

Go back to one lamp and place a comb in front of it. Now 
put a strong positive lens a considerable distance in front 
of the lamp. 



Does it form a good image ? What is wrong ? Move in 
barriers until a good image is formed. You wilt notice that 
we are only using a small central region now, (Ray 
diagrams with only a small part of the Sens in use may seem 
awkward to draw. Try the following way to illustrate the 
wide diagrams that people often draw. Take the comb and 
barriers away and place a screen with three slits close to 
the lens. Thai will let just three rays go through the lens, 
so you will get what bo ks /ike a good image. Of course, 
the two outer rays do not really agree with all the other rays 
that are missing in forming a good image. This arrangement 
is only a trick to make a diagram that is clearer than the 
real facts !) 

(You may prefer not to do the next three experiments until 
you have read more of this book,} 
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Experiment 12 A model of the telescope 

Place a lamp several feat from a weak positive Jens (+7D). 
Put the screen with the three slits in it close to the lens so 
that three rays pass through the lens, The curved face of the 
lens should be towards the lamp. 

Use a strong positive lens (+170) as eyepiece and place it 
so that the rays emerge from it in a parallel beam. Its curved 
face should be towards the first lens, 

Mow place a second lamp (covered with a piece of 
coloured gelatine) close beside the first one (so that the 
two lamps represents the top and bottom of an object). 
Where is the first (real) image? 

Is it bigger or smaller than the object? 

Look along the emergent parallel rays. 

Does the final image look bigger or smaller than the object ? 
Where is the final image ? 


barriers What sort of image is it ? 

Try this again with a comb instead of three sfits, If you like, 
try again without any comb so that you see all the rays I 


Experiment 13 (This is a difficult extra) 

Add an extra positive lens (+7D or +10D) at the real 
image itself in the model telescope of the last experiment, 
What effect does it have on the rays ? 

By making the rays hit the central part of the eyepiece, 
distortion is reduced. 
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Look along the emergent beam. 

Is the final image any bigger? 

The lens you have added is called a field tens; how does it 
affect what you see ? 

Experiment 14 A model of the microscope 
To make a model microscope, use a medium positive lens 
(-hi OD) and move the first lamp towards the lens until the 
image distance is two or three times the object distance. 
Use a strong positive lens ( + 17D) as an eyepiece. 

You will find it impossible to use two lamps as they cannot 
be placed close enough together. Instead, move one lamp 
quickly to and fro perpendicular to the axis of the 
microscope. This will give you some idea of the size of the 
first (real) image, 

Is the final image bigger or smaller than the object? 

Where is it? 
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How to draw ray diagrams 







of the cone 


Small cones of rays to an eye 

Some ceople like to draw diagrams to show how light goes 
through optical instruments, If you would like to do this, you 
should read the next section carefully. 

We want to draw a diagram of an eye looking at a real image 
formed by any lens of any object In these diagrams, we 
should show an eye. at a su liable distance from the image it is 
viewing, receiving cones of rays which start from two original 
object points, one on the axis and one off the axis. We need 
fussy about the distance of the object and image from 
ens drawing, Choose any distances which from your 
experiments you think look all right 
This is how your completed diagram ought to appear: 


he eye, the lens, the object and image distances are all in 
stout the right proportions. It is easy enough to draw if you 
adopt the right method. 

in order to got the object and image sizes in the correct pro- 
portions, choose first a suitable object height (NOT equai to 
me Ians height). Draw the undeviated rays from the top and 
bottom of the object like this : 


Before we can draw me rest of the diagram, we must know 
how far away the image is. In these diagrams we just choose 
a place for the mage that looks suitable. Sudpos' 
decided to place the image at T. Then 
correct image height. Now to construct two cones 
we start from the object and draw small cones from points on 
it, we may end with a very uncouth diagram requiring a huge 
eye to admit both ones that emerge. For. remember, the eye 
must be some way behind the image in order to see it clearly. 


That's no good - and it is also very confusing I 
Instead, place a small eye in a suitable position, and show the 
eye looking at the image, by drawing the extreme raws of email 
cones from the mage to the eye. Shade the part 
along which light travels to the eye. 
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Then remember that, though the rays entering the eye do come 
from the image, they really start from 1 he object and are bent 
by the lens They pass, through the image, each of them 
straight through without bending there. 

Continue the rays that you drew backwards from eye to i mage, 
back through the image (without bending them there) until 
they meet the lens. Then you know where those rays came 
out of the lens. Complete the diagram by drawing rays from 
the proper object -points to these places on the lens. 



Now you have a diagram which shows an eye looking at the 
image. You will have noticed that the eye in this case does not 
make use of the full aperture of the lens. 

Viewing a virtual; image. To show an eye looking at a vir- 
tual image, very much the same procedure is adopted. First, 
we draw in an object and the undeviated rays from the top 
a- j tcucim of the object : 



A small eye is placed in a suitable position and the eye is 
shown looking at the image by drawing the extreme rays of 
small cones. We use broken lines for virtual rays atong which 
the light does not travel and full lines for real rays. We only 
shade in the real part of the cone along which light actually 
travels to the eye : 



Then finally we can complete the cones by extending them 
back from the lens to the object,, as shown below. 

Those cones that extend back to the virtual image do not 
contain Tea!' rays but only "virtual' rays. 
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The astronomical telescope 


The astronomical telescope 

On the right '5 a photograph of a giant telescope at Yerkes 
Observatory, which hasan object lens 40 inches in diameter 
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Ray diagrams for an astronomicaf telescope 

A diagram of an astronomical telescope viewing a nearby 
object gives a better picture of the way a telescope works and 
its magnifying power. 

To draw such a diagram,, draw first an object lens, but don't 
make this too tall. Remember how much taller a man or a tree 
or something else you are going to look at is than the tele- 
scope lens . Also, don't make the object lens very thick. 
(Remember that the weaker this lens is, the farther behind it 
the real image will be, and therefore the larger that image 
will be. So you need a weak lens.} 

IM ext, draw in an object some distance from the telescope, and 
a time higher than the top of the Jens, with its foot on the axis. 
Draw in an undeviated ray from the top of the object to the 
lens, to locate a position for The reel image. 

Since you are not told, how strong a lens to use, you must 
pretend you have chosen a suitable object- lens which will 
produce a real image at a suitable distance behind. Of 
course for a telescope the original object is much farther away 
from the lens than the res^ image is; so to make a sensible 
diagram that you can get on to the paper, you should make 
the image distance about a quarter of the object distance, or 
even less. 

Decide where the image is for yourdbgram, and pretend that 
you have chosen an object lens which will put it there. The 
undeviated ray wifi tell you the height of that image. 

Choose a position for the eyepiece a short distance behind 
ijie real image. Suppose you want the telescope to 'magnify' 
about six times. Then the distance from eyepiece to real 
image should be about one-sixth of the distance from object 
lens to real image. 

Draw the path of a new undeviated ray from the real image 
through the eyepiece. Continue that undeviated ray backwards 
toward $ the object, to find the size of the virtual image formed 
by the eye pi ece. Ch o ose a su i t a b I e pi ace for t he vi rtu a I f m age . 
i : might be as far away as the object or it might be nearer. It is 
probably clearer to draw it a little nearer than the object 
2 $ ?n the sketch here. When you have decided where the 
. :_.r image is, its size is settled by the undeviated ray: and 
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that means you have settled what lens you need for the eye- 
piece, Pretend you have obtained a lens of that power, and 
draw in the eyepiece. 

Then draw a full cone of rays from the top of the object to the 
whole a pert u re of i he o b j e c 1 1 en s , C o nti n u e t h use ra y s f ro m th e 
object lens to the image and straight on through it to the eye ■ 
piece. When those rays emerge from the eyepiece they must 
seem to come from the virtual image ; so you should draw 
them as broken fines (not real rays) from the virtual image 
to the eyepiece, and then as fuff fines out towards the eye. 
You will have to choose the size of the eyepiece to catch all 
those rays — a simple matter of trial and error. You should make 
it a strongly curved lens, to show it needs to be a strong one 
to give some magnification, 

To make The diagram simpler only one cone of rays is drawn. 
This will suffice, provided you understand whet would happen 
to the cone of light from another object point. When drawing 
a simplified diagram like this, always choose an object-point 
off" the axis so that the diagram will show the magnifying 
power of the rnstrument. 

The final virtual image may be any convenient distance from 
the eye, from a quarter of a metre to infinity. For most 
comfort in looking at distant things with the telescope, ihe 
final virtual image should be placed as far away as the 
object. If the observer wishes to make notes in a nearby book 
or if he is short-sighted he should place the final virtual 
image much closer. This makes very little change in the 
magnifying power of the instrument, 




Diagram (1) (below) shows the passage of a beam of light 
from a distant star through the telescope to the eye of an 
observer. 

The object lens forms a real cmago of the object. Cones of rays 
proceed straight through this reai image to the eyepiece. 
which forms a virtual image of the rec 1 i mage. 


Notice that the beam has parallel edges - for the star is very 
distant, in fact, it : s so distant that we cannot draw beams 
from the top and bottom of the star. Even its image is just a 
point of light. 

The eye is placed at the point where the beam leaving the 
eyepiece crosses the axis. This is calied the eye-ring. In Dia- 
gram (2), beams from two stars have been drawn in. All the 
Sight that enters the object fens passes finally through the 
eye-ring. The eye should be placed there for maximum field 
of view. 



diagram 2 


The simple microscope or magnifying glass 

Let us first look at a simple microscope which is just a 
magnifying glass, i Ins is a si nq : e convex Ions used to produce 
a virtual image of an object held dose to the lens. For best 
use the lens should be held very dose to the eye. Then the 
v i tual image looks no larger than the object, but The eye sees 
that image clearly because h is ter enough away, Without the 
lens, the object held in Thai close position is much too close 
for comforTahte vision. The ray diagram for this is shown on 
cage 21. Attempts to produce high magnifications this way 
lead to behaviour that makes a poor image, and small field of 
view. 

The compound microscope. A ray diagram fora compound 
microscope s shown below on this page. To increase the 
magnifying power, an object lens produces a magnified real 
image of the object, Rays proceed straight through this image 
to the eyepiece which forms a virtual image of the real image. 
The final object is inverted, but this does not matter since the 
observer now has control over ihe original direction of the 
object. 


Ray diagram of a compound microscope 

It is easiest to draw the diagram m the same way as the dia- 
gram for the telescope - start with a suitable object and object 
lens, draw in the undeviated ray through the objeci lens end 
select a suitable ptece for the real image. When the 
position of the eyepiece has been chosen, the virtual image 
can be located. 

in this case, the eyepiece may have a larger aperture than the 
object lens. 

In drawing these diagrams, it is always important to drew in 
unde via ted rays first of all. 

Position of the final image. The wise observer pieces the 
final image about a quarter of a metre from tes eye. 

New try Experiment 14, (Page 20.) 
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Further developments. In many microscopes both the ob- 
sct lens and the eyepiece consist of more than one fens. 

The object lens. Lenses of different kinds of glass are com- 
bined to remove chromatic aberration and their shapes are 
chosen to lessen spherical aberration. 

The eyepiece. The eyepiece consists of iwo (or more} 
lenses. The first lens is placed near the image to catch all 
cones of light passing through the image and bend them to- 
wards the middle of the second lens. The second lens then 
sends the cones to the eye. through an eye-ring close to it. 
T his arrangement gives a large field of view with little distor- 
con and little chromatic aberration. 

The need for a large aperture. Light waves wr|l deceive us 
and produce unreliable or fuzzy images of very small objects 
-nless the object lens has a Large aperture, to take in very wide 
:ones of light. This requirement raises serious difficulties 
.'.■hen the highest magnifying power is required. Lenses of 
- - r y special shape and arrangement have to be used for the 
Lbjectlens. 
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